Abstract Effect of dietary supplementation of a Gram-positive, aerobic, probiotic bacterium Bacillus subtilis on the immunohaematological indices during pre-and post-challenge in Indian major carp, catla (Catla catla), was studied. The B. subtilis was administered orally at four different doses 1.0 9 10 6 (T 1 ), 1.0 9 10 7 (T 2 ), 1.0 9 10 8 (T 3 ), and 1.0 9 10 9 (T 4 ) cfu g -1 feed to C. catla for 90 days. The positive control (C p ) and negative control (C n ) were fed with feed without B. subtilis for the same period. On the 60th day, blood and serum were sampled to determine various haematological and serum parameters. Fish were challenged intraperitoneally with Aeromonas hydrophila after 60 days in all the treatment groups and C p , while the C n was challenged with phosphatebuffered saline (PBS, pH 7.2) only. Dietary supplementation of B. subtilis leads to the rise of various immunological and haematological parameters in catla during the pre-and postchallenge. During pre-challenge, the highest TEC (1.30 ± 0.02 9 10 6 cells mm -3
Introduction
The intensification of aquaculture has led to a high number of disease outbreaks with an increasing range of pathogens. Traditional disease control strategies employ antibiotics and chemical disinfectants, but these are no longer recommended practices due to the emergence of bacterial resistance and concerns over environmental impacts. Therefore, the use of various types of immunostimulants/probiotics has been advocated as an alternative method for the prevention and control of diseases in aquaculture (Irianto and Austin 2002; Kumar et al. 2006; Merrifield et al. 2010a; Weissmann 2010; Ranjan et al. 2012) . Probiotics, defined as beneficial live micro-organisms when administered to a host at an effective dose, provide a potential alternative strategy for reducing disease outbreaks. Since Metchnikoff laid the foundation of probiotics research through modulation of gut microbiota (Weissmann 2010) , this field has progressed gradually and now been established in a wide range of species. In aquaculture, probiotics use is gaining importance as potential alternatives to antibiotics for disease control, growth promoters, immune enhancer and also for improving water quality (Kumar et al. 2006; Merrifield et al. 2010b; Nayak 2010; Dimitroglou et al. 2011) . Recently, the advantages of using probiotics in fish aquaculture were reviewed by Qi et al. 2009 and Nayak 2010. Currently, several probiotic species are available, and the most common types include Lactobacillus, Bacillus, Enterococcus, Clostridium, Shewanella, Leuconostoc, Lactococcus, Carnobacterium, Aeromonas, and several other species (Nayak 2010; Kim et al. 2010; Salinas et al. 2005) . Among them, Bacillus strains have been indisputably effective in terms of growth performance, survival, immunity, and disease resistance of different fish species (EL-Dakar et al. 2007; Nayak et al. 2007; Bagheri et al. 2008; Aly et al. 2008; Kumar et al. 2008; Merrifield et al. 2010a; Diaz-Rosales et al. 2009 ). However, there is no universal class of probiotic bacterium and therefore, the suitability and effectiveness of a probiotic strain need to be established with respect to individual fish species.
Catla catla, one of the major freshwater cultured fish species in India, is also native to Nepal, Bangladesh, Myanmar, and Pakistan and already been introduced in several other countries as exotic species (FAO 2006) . The fish is often reported to suffer from infectious diseases at all stages of growth (Wimalawickrama and Pathiratne 2005) . Therefore, in the present study, we aimed to assess the efficacy of Bacillus subtilis, as a suitable probiotic strain to protect catla from Aeromonas hydrophila by enhancing various haematological and immunological parameters during pre-and post-challenge.
Materials and methods

Fish
Indian major carp, C. catla with an average weight of 13.0 ± 2.0 g were procured from a commercial carp farm (Palghar, Maharashtra, India) and maintained in the wet laboratory of Central Institute of Fisheries Education (CIFE), Mumbai. The fingerlings were first diptreated with potassium permanganate (50 ppm) and then carefully transferred to the concrete tank and acclimatized under aerated conditions.
Probiotic strain
Bacillus subtilis, a gastrointestinal bacterium, isolated from Cirrhinus mrigala was obtained from the Central Institute of Freshwater Aquaculture, Bhubaneswar, India. The bacterium was reconfirmed biochemically and maintained in nutrient agar slant at 4°C for further use. The mass culture of this strain was done by growing it in nutrient broth at 30°C for 24 h in a shaker incubator. The culture was centrifuged at 10,000g for 20 min at 4°C, and the bacterial pellet was re-suspended in phosphate-buffered saline (PBS; pH 7.2). The suspension was similarly washed and re-centrifuged thrice and then quantified by the spread plate technique. Purified and quantified bacteria were kept at 4°C in suspended form and were used for feed preparation as required.
Experimental diet
Experimental diet was prepared by thoroughly mixing the different ingredients such as rice bran (30 %), oil cake (30 %), fish meal (20 %), wheat flour (14 %), sunflower oil (3 %), vitamin and mineral mixture (2 %), and CMC (1 %) followed by steaming for 20 min. Probiotic strain (B. subtilis) at specified concentration was mixed thoroughly in cooled conditions, and then, pellets were made by a hand pelletizer. Five types of diets were prepared, that is, C (control; without probiotic), T 1 (1.0 9 10 6 cfu g -1 ), T 2 (1 9 10 7 -cfu g -1 ), T 3 (1.0 9 10 8 cfu g -1 ), and T 4 (1 9 10 9 cfu g -1
). The prepared experimental diet was sun-dried and stored in refrigerator at 4°C. The concentrations of B. subtilis in the feed were determined by spread plate technique (nutrient agar, incubated at 30°C for 24 h). The final concentration of probiotic strain was expressed as number of colonyforming unit per gram (cfu g -1 ) feed. Experimental diet was prepared every week to retain high percentage of viable probiotic bacteria.
Experimental design
Two hundred and seventy fingerlings were randomly distributed in six experimental groups in rectangular plastic tanks of 100 l capacity with aeration in triplicate, following a complete randomized design in the wet laboratory of CIFE, Mumbai. The experiment was conducted for a period of 90 days, and the whole experiment was divided into two parts, that is, pre-challenge study conducted for 60 days and post-challenge study for another 30 day. During pre-challenge study, fish were fed different diet containing B. subtilis (T 1 -T 4 ), while on 60th day, fish were challenged intraperitoneally with virulent pathogen Aeromonas hydrophila (10 6 cfu/ml) and the mortality was observed for another 30 days during which the same experimental diet was continued. Two control groups (positive control; C p and negative control; C n ) were also maintained. In the positive control (C p ), fish were fed feed without B. subtilis (control diet) and challenged with A. hydrophila, while in negative control (C n ), fish were also fed control diet and challenged with phosphatebuffered saline (PBS) only.
Blood sample was collected from each treatment group on 60th day post-feeding and on 90th day post-feeding (i.e. 30 days after challenge) from the survived catla to study the various different immunohaematological changes during pre-and post-challenge. Blood was drawn from the caudal peduncle using a sterile 1-ml syringe and then collected in Eppendorf tubes coated with 20 ll of 2.7 % EDTA solution for studying various haematological parameters. Similarly, blood was collected without anticoagulant for serum and immunological parameters studies. After collection, blood samples were kept at room temperature for 1 h and then centrifuged at 2,500g for 10 min. Serum was then collected and kept at -20°C till further use.
Aeromonas hydrophila and challenge study
A. hydrophila O:18 was received from the Aquatic Animal Health and Management Division, Central Institute of Fisheries Education (CIFE), Mumbai. The isolate was verified and kept in nutrient agar slant at 4°C for further use. A. hydrophila was inoculated in nutrient broth (Himedia Ltd, Mumbai, India) and incubated at 30°C for 24 h. The culture was centrifuged at 3,000g for 10 min. The supernatant was discarded, and the pellet was re-suspended in sterile phosphate-buffered saline (PBS, pH 7.4). Then, the bacterial number was calculated by measuring optical density (OD) in a spectrophotometer and also confirmed by plate count method. The final bacterial concentration was adjusted to 1 9 10 6 cfu/ml by serial dilution. All the treated groups including control (C p ) were intraperitoneally challenged with 200 ll/fish of virulent A. hydrophila (10 6 cfu/ml) on 60th day post-feeding, while in negative control (C n ) group, fish were injected with PBS only. Aeromonas hydrophila was confirmed after re-isolating it from kidney of the fish. The mortality was observed for another 30 days during which diet containing B. subtilis was continued in the treatment groups, and at last, survival percentage was calculated.
Haematological parameters
The total erythrocyte count (TEC) was counted as per Schaperclaus et al. (1991) , by mixing 20 ll of blood with 3,980 ll of RBC diluting fluid (Hayem's fluid) in a clean glass vial. The mixture was shaken well to suspend the cells uniformly in the solution. The cells were counted using a hemocytometer (Feinoptik, Blakenburg, Germany) and expressed as:
where N is the total number counted in five squares of the hemocytometer and 10,000 is the factor obtained after taking into consideration the initial dilution factor. The total leucocyte count (TLC) was counted as per Schaperclaus et al. (1991) by mixing 20 ll of blood with 3,980 ll of white blood cell (WBC) diluting fluid (Dacies fluid) in a clean glass vial. The mixture was shaken well to suspend the cells uniformly in the solution. The cells were counted using a hemocytometer (Feinoptik, Blakenburg, Germany) and expressed as:
where N denotes the total number of WBCs counted in four squares of the hemocytometer. The factor obtained after taking into consideration the initial dilution was 500. For differential leucocyte count (DLC), methanol fixed blood smears were prepared after collecting blood from each group and then stained as per standard procedure using May-Grunwald-Giemsa stain. Leucocytes were counted under microscope through many fields till it reached hundred cells per slide to find out the percentage. Similarly, the percentage of monocytes, granulocytes, and lymphocytes in blood were determined using a blood cell counter.
Blood haemoglobin content was analysed following the Cyanmethemoglobin method using Drabkin's fluid (Qualigens Diagnostic Kit, India). Twenty microlitres of blood was mixed with 5 ml of Drabkin's working solution. The absorbance was measured using a spectrophotometer at wavelength of 540 nm. The haemoglobin content (g dL ) was calculated as follows.
Serum parameters
The total serum protein (biuret method using buffered dye reagent and biuret reagent, Qualigens diagnostic kit, India) and albumin content (bromocresol green binding method, Qualigens diagnostic kit, India) were analysed in an AR 601, semi-automatic analyser. Similarly, the globulin content (total serum protein -serum albumin) and albuminglobulin ratio were also determined.
Immunological parameters
The respiratory burst activity was done by nitroblue tetrazolium (NBT) assay following the method of Secombes (1990) subsequently modified by (Stasiak and Baumann 1996) . Fifty microlitres of blood was placed into the wells of 'U'-bottom microtitre plates and incubated at 37°C for 1 h to facilitate adhesion of cells. Then, the supernatant was removed and the adhered wells were washed three times in PBS (pH 7.2). After washing, 50 ll of 0.2 % NBT was added and resulting solution was incubated for further 1 h. The cells were then fixed with 100 % methanol for 2-3 min and again washed thrice with 30 % methanol. The plates were then air-dried, and 60 ll 2 N potassium hydroxide and 70 ll dimethyl sulphoxide were added into each well to dissolve the formazon blue precipitate formed. The optical density (OD) of the turquoise blue-coloured solution was then read at 540 nm in an ELISA reader. The serum bactericidal activity was assayed for bactericidal activity, following Rainger and Rowley (1993) . Briefly, overnight-grown A. hydrophila culture was centrifuged and the pellet was washed and suspended in PBS (pH 7.2). The OD of the suspension was adjusted to 0.65 at 540 nm. This bacterial suspension was serially diluted (1:10) with PBS for five times. Serum bactericidal activity was determined by incubating 2 ll of the diluted A. hydrophila suspension with 20 ll of serum in a microvial for 1 h at 37°C. In the control group, PBS was used in place of the serum. After incubation, the number of viable bacteria was determined by counting the colonies grown on nutrient agar plate for 24 h at 37°C.
A turbidimetric assay utilizing lyophilized Micrococcus luteus ATCC 49732 (DIFCO, BBL-Qualis lab) was used to determine lysozyme activity following Sankaran and Gurnani (1972) using hen egg white lysozyme (Hi-media, India) as standard. To a 96-well U-bottom microtitre plates (Tarson, India), 15 ll of serum in 150 ll of M. luteus suspension [20 mg of M. luteus suspended in 100 ml acetate buffer (0.02 M, pH 5.5)] was taken. Immediately after adding M. luteus suspension, initial OD was taken at 450 nm. After incubating for 1 h at 25°C, final OD was taken. Lyophilized hen egg white lysozyme was used to develop a standard curve. Serum lysozyme value is expressed as lg ml -1 equivalent of hen egg white lysozyme activity.
Myeloperoxidase content was measured according to Quade and Roth (1997) with slight modification by Sahoo et al. (2005 
Statistical analysis
Significant differences between treatment groups were tested by one-way analysis of variance (ANOVA), and the comparison of any two mean values was made by Duncan's multiple range tests. A significance level of P \ 0.05 was used. The mean values for preand post-challenge parameters were compared by Student's t test. All the statistical analysis was performed using the software program SPSS (version 15).
Results
The control fish exhibited sluggish movement with gradual loss of equilibrium and gasped at water surface within 48 h of challenge. The gross clinical signs observed were petechial haemorrhages, swollen abdomen, reddish vent, and opaque eyes, and during the terminal stages, the animals were seen floating upside down. However, these clinical changes were less evident in B. subtilis-fed group.
Haematological parameters
The B. subtilis feeding affected various haematological parameters during pre-and postchallenge in catla (Table 1) . TEC was significantly less (P \ 0.05) in T 1 (1.25 ± 0.02 9 10 6 cells/mm 3 ) and T 2 (1.26 ± 0.01 9 10 6 cells/mm 3 ) groups in comparison with other treatments during pre-challenge. In T 3 and T 4 groups, no significant difference (P [ 0.05) in TEC during pre-and post-challenge could be recorded.
TLC did not differ significantly in any of the groups during pre-challenge. However, TLC count was highest in T 2 group (3.71 ± 0.12 9 10 3 cells/mm 3 ) and least in control (C p ) group (3.52 ± 0.13 9 10 3 cells/mm 3 ) during pre-challenge. During post-challenge, the TLC in both the control groups was significantly less (P \ 0.05) in comparison with treatment groups. During the post-challenge, no significant difference (P [ 0.05) in TLC count could be recorded among the treatment groups, but were significantly different (P \ 0.05) with regard to individual treatment in comparison with pre-challenge.
Haemoglobin content in treatment groups increased, but not at significant level in comparison with control groups during pre-challenge. On the contrary, haemoglobin content decreased significantly [(P \ 0.05) in the control (C p ) group] during post-challenge. The haemoglobin content also decreased in all treatment groups during post-challenge, but not at significant level (P \ 0.05) except in T 1 .
The effect of probiotic treatment on the DLC percentage is shown in Table 2 . No significant change (P [ 0.05) in the granulocytes (%) could be recorded in any of the groups during pre-challenge, but their percentage significantly increased in T 2 , T 3 , and T 4 treatment groups during post-challenge. Similarly, granulocytes (%) significantly increased during post-challenge in comparison with pre-challenge in all treatment groups. On the other hand, lymphocytes (%) significantly increased in all treatments during pre-challenge, but decreased during post-challenge among the treatment groups. Moreover, their percentage was also significantly low during post-challenge in comparison with pre-challenge. However, significant difference could be recorded in C p and T 2 during post-challenge in comparison with pre-challenge.
Serum parameters
Effect of probiotic treatment on serum parameters of C. catla during pre-and post-challenge is presented in Table 3 . Total serum protein increased significantly (P \ 0.05) in all treatment groups in comparison with control groups during pre-challenge. Among the treatment groups, increased level was recorded in T 3 and T 4 as compared to other groups. However, in all treatment groups, total serum protein content decreased during postchallenge, but the level was significantly high in comparison with C p . The lowest protein content was observed in the control (C p ) group during post-challenge. Treatment groups did not show significant reduction (P \ 0.05) in total serum protein during post-challenge in comparison with pre-challenge. Albumin content increased significantly (P \ 0.05) in treatment groups in comparison with control groups during pre-challenge.
The globulin content of C. catla increased gradually as the probiotic concentration increased in feed during pre-challenge. The globulin level was significantly high in T 3 group (1.68 ± 0.04 gm/dl) during pre-challenge. However, the globulin level decreased in all groups, but was not at a significant level (P [ 0.05) after post-challenge. There was no significant difference (P [ 0.05) in globulin content between pre-and post-challenge in all treatment groups. The A/G ratio in C. catla did not vary significantly in any groups during pre-challenge, but lowest content was found in T 3 (1.30 ± 0.01). A/G ratio was significantly high (P \ 0.05) in the control (C p ) group (1.70 ± 0.04) in comparison with treatment groups during post-challenge.
Immunological parameters
The respiratory burst activity in various treatment groups during pre-and post-challenge is given in Table 4 . The respiratory burst activity increased significantly as the concentration of probiotic in treatment groups increased during pre-challenge and also maintained at high level during post-challenge. Treatment groups (T 2 , T 3 , and T 4 ) showed significantly high (P \ 0.05) respiratory burst activity in comparison with control groups during pre-challenge. The mean (±SD) OD value was highest in T 4 group (0.41 ± 0.01) during prechallenge and also maintained at high level (0.59 ± 0.02) during post-challenge.
Serum lysozyme activity was significantly high (P \ 0.05) in all probiotic treatment groups in comparison with the control (C p ) group during pre-and post-challenge (Table 3) . The serum lysozyme content was highest in T 3 and T 4 groups with no significant difference (P [ 0.05) between these two groups during pre-and post-challenge. However, significant rise (P \ 0.05) in serum lysozyme content in treatment groups was recorded during postchallenge in comparison with pre-challenge.
Myeloperoxidase activity was significantly high (P \ 0.05) in treatment groups in comparison with the control (C p ) group during both pre-and post-challenge (Table 3) . Among the treatment groups, least myeloperoxidase activity with a mean (±SD) OD of 0.070 (±0.00) was recorded in T 1 group and highest in T 4 group with a mean (±SD) OD of 0.123 (±0.01) during pre-challenge. However, myeloperoxidase activity was significantly high (P \ 0.05) in T 3 and T 4 groups during pre-challenge. Similar type of trend was also recorded during post-challenge as well. However, significant rise in the myeloperoxidase activity in treatment groups was recorded during post-challenge in comparison with prechallenge.
Serum bactericidal activity as assessed by the reduction in viable count of A. hydrophila was significantly less (P \ 0.05) in all treatment groups in comparison with control groups during pre-challenge (Table 5 ). No significant difference in the reduction in viable count could be recorded during pre-challenge in treatment groups. However, in T 3 group, least ), total serum protein in gram/decilitre; albumin (g dl
), albumin content in gram/decilitre; globulin (g dl -1
), globulin content in gram/ decilitre; A/G ratio, albumin-globulin ratio A. hydrophila count (247 ± 11.54 cfu/ml) was recorded during pre-challenge. Similarly, serum bactericidal activity was also highest in T 3 with a viable A. hydrophila count of 201 (±7.50) cfu/ml, while least count was recorded in the control (C n ) group (428 ± 16.16 cfu/ ml) during post-challenge. However, significant difference (P \ 0.05) in serum bactericidal activity was recorded only in C p and T 3 group during post-challenge in comparison with pre-challenge.
Percentage survival
On challenge with virulent A. hydrophila, survivability percentage was least in C p (37.78 ± 3.33 %). However, among treatment groups, the survivability was found to be directly related to the concentration of the probiotic (Fig. 1 ) and the survival percentage was highest in T 4 group (86.67 ± 6.67 %), while least in T 1 group (66.67 ± 6.67 %).
Mortality percentage and relative percentage survival (RPS)
The mortality percentage was highest in C p (62.22 %). However, among treatment groups, the mortality was found to be inversely related to the concentration of the probiotic (Fig. 2 ) and the mortality percentage was lowest in T 4 group (13.33 ± 3.85 %), while in T 1 group, it was 33.33 ± 3.85 %. The RPS was highest in T 4 group (78.95 %), while least in T 1 (47.37 %).
Discussion
There is a growing interest for probiotics to be used in aquaculture as alternative preventive strategies (Nayak 2010) . However, one of the main challenges in developing probiotic bacteria is using appropriate selection of strains based on scientific data. The present investigation was in the same direction, and therefore, an effort has been made to provide an insight into how probiotic B. subtilis helps in preventing the diseases through immunohaematological studies during pre-and post-challenge. During pre-challenge, the total erythrocyte counts (TEC) increased significantly due to supplementation of B. subtilis in the feed, which is an indication of improved health condition of the catla. The increase in TEC and haemoglobin content following B. subtilis feeding in Labeo rohita was also reported earlier (Kumar et al. 2006 ). Furthermore, the reduction in RBC count after challenge is probably attributed to the ability of the pathogen to haemolyse erythrocytes (Olivier et al. 1981) . Earlier, Ikeda et al. (1976) also reported decrease in the erythrocytes count and the haemoglobin content in Yellow tail, Seriola quinquiradiata challenged with Nocardia kampachi. In our study, similar type of reduction in erythrocytes count was recorded in control group (C p ); however, minimal reduction was recorded in the probiotic-fed groups (T 3 and T 4 ) after post-challenge. The haemoglobin content showed almost similar trend as TEC. The adequate production of erythrocytes resulted in optimum maintenance of increased haemoglobin content. This indicates that the involvement of B. subtilis in the improvement of blood parameters of catla which in turn helped in minimizing the adverse effect of A. hydrophila. Xie et al. (1993) in a study reported that under normal condition, the amount of white blood cells of common carp (C. carpio) was 0.5 % of the amount of red blood cells. However, in case of the infected carp, the white blood cells increased up to 16.25 % (an increase of 31.86 times). The increase in leucocytes probably represents the inflammatory response against the bacteria (Roberts 1989) . In the present study, TLC increased in fishes fed feed containing B. subtilis with respect to the fishes fed feed without B. subtilis. In a previous study, it was also reported that supplementation with B. subtilis could increase TLC in L. rohita (Kumar et al. 2006) . Recently, Kamgar and Ghane (2012) also recorded significant increase in leucocyte count in rainbow trout, Oncorhynchus mykiss fed with B. subtilis when challenged with Streptococcus iniae. The result from present experiment also revealed an increase in TLC in treatment groups (T 1 , T 2 , T 3 , and T 4 ) compared with both the control (C p and C n ) groups. This revealed the heightened immune response in the fish which was fed with feed containing B. subtilis. This could probably prove the immunostimulatory effect of B. subtilis.
The increase in granulocyte and monocytes revealed that the non-specific immune system is activated during the post-challenge period. Carassius auratus following intramuscular injection of Aeromonas hydrophila exhibited a decrease in lymphocyte and an increase in granulocyte count for the first 36 h post-infection (Brenden and Huizinga 1986) . In the present study, however, there was an increase in granulocyte and monocyte counts in treatment groups (T 1 , T 2 , T 3 , and T 4 ) and decreased lymphocyte count in the same compared with the control group. The increase in neutrophil in the present study was due to the enhanced innate immune response in catla fed with B. subtilis. Among the serum proteins, albumin and globulin are the major proteins which play a significant role in the immune response. Globulins like gamma globulin are absolutely essential for maintaining a healthy immune system and contain all the immunoglobulin in the blood. In the present study, total serum protein, albumin, and globulin content had increased in the treatment groups during pre-challenge, which indicated the enhancement of innate immunity of the experimental fish. The increased total protein and globulin in rohu, L. rohita by B. subtilis was also reported earlier (Kumar et al. 2006) . Increase in the serum protein, albumin, and globulin levels is believed to be associated with a stronger innate response in fishes (Wiegertjes et al. 1996) . In the present study, during post-challenge the decline in total protein and albumin content has been observed, but globulin level was in increasing trend. After challenge study, reduction in serum protein might have been due to leaking because of increased vascular permeability (Green et al. 1999; Ellis et al. 1981 ) along with impaired synthesis and non-specific proteolysis of serum protein (Ellis et al. 1981) . The significant decrease in the A/G ratio in treatment groups T 2 and T 3 compared with control during the pre-challenge indicated enhancement in non-specific immunity.
Different probiotics are often reported to stimulate piscine immune system (Nayak 2010) . Dietary supplementation of B. subtilis often improves the growth and nutrition, immunohaematological responses, and disease resistance in different fish species (Nayak et al. 2007; Aly et al. 2008; Kamgar and Ghane 2012; Liu et al. 2012; Purwandari and Chen 2013) , and the findings of the present study corroborated to these earlier studies. Here in this study, apart from different haematological parameters B. subtilis treatment was also found to affect various immunological parameters of catla during pre-and post-challenge. Probiotic like B. subtilis is rich source of many biologically active substances that can potentially trigger various biological systems including the immune system (both innate and adaptive immunity) which in turn may contribute to good health and disease resistance of host.
In the present study, an increase in respiratory burst activity was observed in all probiotic treatment groups (T 1 , T 2 , T 3 , and T 4 ) during both pre-and post-challenge. These observations are similar to the findings of Kumar et al. (2008) in L. rohita who supplemented B. subtilis by oral route. Lysozyme occurs prominently in fish serum and mucus (Ellis 1999 ) with more bactericidal activity in comparison with that of higher vertebrates (Ellis 2001 ) and considered to be a natural protective mechanism in fish (Ingram 1980) . Fish lysozymes are thought to be present in two forms: lysozyme C and lysozyme G (Wei et al. 2014 ). Lysozyme C and its variant have been cloned in rainbow trout (Dautiny et al. 1991; Savana et al. 2003) , carps (Savana et al. 2002; Fujiki et al. 2000) , and Japanese flounder (Hikima et al. 1997) . Only one G-type lysozyme has been identified in Japanese flounder, Large yellow croaker, Atlantic cod, Common carp, Grass carp, and Orangespotted grouper (Hikima et al. 2001; Zheng et al. 2007; Larsen et al. 2009; Savana et al. 2003; Ye et al. 2010; Wei et al. 2014) . Paulsen et al. (2001) reported enhanced lysozyme production in Atlantic salmon (Salmo salar L.) macrophages treated with yeast betaglucan and bacterial lipopolysaccharide. During this study, its level increased significantly after administration of B. subtilis in the diet during pre-and post-challenge. The highest serum lysozyme activity in catla was recorded in T 3 group both during pre-and post-challenge. The significant increase in the lysozyme activity of the B. subtilis-fed groups suggests the involvement of this probiont in the piscine immune system. Mock and Peters (1990) reported an initial activation of lysozyme activity followed by impairment and final breakdown of this response with respect to stress. In the present study, an increase in serum lysozyme activity was observed in treatment groups T 2 , T 3 , and T 4 groups during post-challenge as well.
Myeloperoxidase is a haemoprotein secreted during activation of neutrophils, which plays an important role in the defence of the organism. Myeloperoxidase is stored in primary, azurophilic granules of neutrophils. It is a major component of the broad bactericidal armamentarium of neutrophils. It utilizes hydrogen peroxide during respiratory burst to produce hypochlorous acid (Dalmo et al. 1997) . In the present study, the treatment groups (T 1 , T 2 , T 3 , and T 4 ) showed higher activity during pre-and post-challenge.
Nevertheless, serum bactericidal activity increased in all the treatment (T 1 , T 2 , T 3 , and T 4 ) groups. In the previous study, we had also demonstrated increased serum bactericidal effect of B. subtilis in L. rohita (Kumar et al. 2008) . The higher bactericidal activities can possibly be due to higher activity of lysosomal enzymes. Similar views were also put forth by Nikoskelainess et al. (2003) who observed significant increase in complement bactericidal activity of rainbow trout fed with Lactobacillus rhamnosus. All these enhanced parameters during probiotic feeding not only helped in immune stimulation, but also believed to be responsible for protecting catla from challenge with A. hydrophila. In the present study, the decreased mortality percentage was recorded in fishes fed with B. subtilis. On the contrary, He et al. (2011) documented beneficial effects on growth, upregulation of cytokines expression in liver, and modulating intestinal microbiota community in koi carp, Cyprinus carpio by dietary supplementation of B. subtilis C-3102, but failed to record any significant protection against A. hydrophila challenge. Such differences might be attributed to the possible strain differences among the used strains of a specific probiotic species and also the host species.
In conclusion, dietary administration of B. subtilis could improve both the haematological and immunological responses. Therefore, looking into the concern regarding the use of antibiotics and other chemotherapeutics, probiotic like B. subtilis could be an ideal substitute for control of diseases in Indian major carp culture.
